ABSTRACT Because food and poultry industries are demanding an improvement in written communication skills among graduates, research paper writing should be an integral part of a senior undergraduate class. However, scientific writing assignments are often treated as secondary to developing the technical skills of the students. Scientific research paper writing has been emphasized in an undergraduate course on advanced food microbiology
INTRODUCTION
stated that although the US poultry industry is in a state of rapid growth, the funds and emphasis placed on the poultry science curriculum is falling at land-grant universities. This disparity between necessity and education demands elevated preparedness in graduates of these programs. Future graduates should be proficient in the more standard areas of foodrelated education such as food hygiene, safety, quality, and environmental concerns (Marks and Ottinger 1992; Summers, 1992) as well as aspects of the business, marketing, and economics vital to poultry and food companies. To fulfill all of these scientific and commercial demands on poultry science graduates, curricula must be refocused on the implementation of greater communication skills (Summers, 1992) . Burton and Chadwick (2000) theorize that educators may feel that the responsibility for the teaching of evaluation of sources for writing practices rests solely with the English composition program of the University, and not in the more technically geared fields in which they specialize. It is possible that this lack of accountability leaves students with a diminished ability to write appropriately in the field they wish to join.
Another hindrance to the technical writing cause is a discrepancy between the perceived goal of students while participating in writing projects and the objective(s) of professors that assign undergraduate writing projects (Valentine, 2001 ). Valentine suggests that educators assign a research paper to help develop a student's area of expertise, process information found in a variety of sources, and think critically. Conversely, students are generally concerned with how the project will affect their course grade, and how to best complete the assignment to the professor's liking. Unfortunately a gap in motivation between advisor and learner could lessen the effect of a writing experience.
The advent of the World Wide Web has opened another path for obtaining academic references. Problems with use of the Internet arise, however, when students are not properly trained on the use and appropriate application of electronic sources. Burton and Chadwick (2000) state that unskilled researchers may be too trusting of resources located on the Internet. Without guidance on what specifically makes a source acceptable, students' projects may not reflect the technicality an instructor might wish. That study found that only 3% of the students surveyed had received training in high school on using the World Wide Web as a research tool. In contrast, 39% of these students had been taught in high school to use traditional library sources (Burton and Chadwick, 2000) .
It has been suggested that the process of writing a scientifically based research paper might further the student's interest in the subject outside of the classroom (Koehler and Hawley, 1999) . A Texas A&M University senior-level course in food bacteriology was originally designed to further the goal of producing graduates with acceptable writing skills. This was done by assigning a research review project with emphasis on scientific references and timely writing practices. The overall rationale was that the senior-level poultry science students involved would later be able to assimilate information in their field gathered from other sources.
In an earlier study, we incorporated additional steps including evaluation of a rough draft in the writing process to achieve more instructional input and prevent procrastination. However, survey responses of students indicated that procrastination continued to be a prevalent problem (Maciorowski and Ricke, 2000) . Since this survey, instructors and teaching assistants involved with the class have developed an instructional writing exercise as part of the laboratory component of the course. It was hoped that this additional lecture given by teaching assistants would provide more structure to students as well as more one-to-one instructional contact time. The proportion of the grade from this writing exercise was increased as extra incentive. In 1999, students received a possible 12.5% of total grade from the writing exercise (Maciorowski and Ricke, 2000) . In the spring semesters of 2001, 2002, and 2003 , the writing project accounted for 18 to 20% of the course grade. In addition to the rough draft, students in later semesters were asked to complete an outline as a prewriting assignment. The objective of this study was to find the effectiveness of practical methods to aid students in the writing of technical reports. During the spring semesters of 2001, 2002, and 2003 , students of this class completed a survey intended to gauge the success of the assignment, and to suggest practical means for its improvement.
MATERIALS AND METHODS

Writing Instruction
Similar to a study described by Maciorowski and Ricke (2000) , students were exposed to a course with intensive training in the identification, prevention, and control of foodborne pathogens. The instructor gave lectures at the beginning of the course period detailing time frame, importance, and content expectations about the writing assignment. Students were informed that the finished paper should be no less than 14 pages and contain at least 10 peer-reviewed sources. The instructor defined peer-reviewed sources as those references that went through extensive editing and critique by a board of colleagues, such as scientific journal articles and textbooks.
A time frame was set in which students chose a topic, prepared an outline with 3 references, wrote a 6-page rough draft with 10 references, and submitted the final draft of the project at evenly spaced intervals throughout the semester. It was hoped that this separation of deadlines would encourage the participants to act in a timely manner, and facilitate the writing of multiple drafts.
Topics selected by teaching assistants were relevant to current research in microbiology to ensure that all subjects were readily evident in scientific publications. Students were allowed to choose a topic from the accumulated list or suggest one for approval, if they had an interest in a specific subject. Topics were assigned in laboratory periods during the first month of the course.
Teaching assistants provided an additional lecture on paper writing during the course of the laboratory class. Students were given instructions on using Ovid and the library database Medline. Searches were to be performed using Agricola, Cambridge Scientific Abstracts, and Science Direct. Proper methods for citing published papers both within the body of the text and in the bibliography were explained in detail. Teaching assistants also explained the importance of thesis statements and provided examples. During the laboratory lecture, students were asked to perform a skim test on a selected journal article as a class exercise to help illustrate ways of determining the appropriateness of a source ( Figure 1 ).
Survey Questions
After completion of the final writing assignment students were asked to complete a survey answering questions about the most useful tools in writing, self-imposed time frames, previous writing experience, and plans after graduation. This survey questionnaire was similar in content to the previous survey conducted by Maciorowski and Ricke (2000) . Over the course of 3 semesters, 98 students participated in the survey. A complete survey form and the survey results are shown in Table 1 .
Statistical Analysis
Answers to questions were compiled according to frequency and then analyzed using SAS (SAS/STAT, 2000, Version 8, SAS Institute, Inc., Cary, NC), both separated by semester and with all 3 semesters combined. Data presented in this article are for all 3 semesters combined. A χ 2 analysis was performed to find relationships between questions. Reported correlations are significant at the 0.05 level.
RESULTS AND DISCUSSION
Students in this senior-level class had a wide range of career goals. Based on question 8 (Table 1) , 29% expressed a desire to enter graduate school after gradua- tion, and 9% planned to specialize in industry levels of live animal production. Only 12% sought jobs in quality control, 11% desired management or sales work, and 13% of students had no defined career plans. The remaining 21% chose the option "other" when answering the survey. Supporting the assertion of Summers (1992) that poultry science graduates will require more adequate writing skills, only 15% of the students surveyed (question 7; Table 1) thought they would have no writing demands in future job possibilities. Although nearly one-third planned on going to graduate school, 38% expected to do minimal scientific writing and only write correspondence and memos (question 7; Table 1 ). This may indicate that undergraduate students do not have a full understanding of what is required for graduatelevel education. Consequently, more exposure through experiences in academic research laboratories with writing exercises as part of the experience may be needed to help undergraduate students realize the requirements for graduate programs.
The frequency results from question 5 indicate that 56% of the class claimed to have no experience in writing a paper of this magnitude, whereas 71% (question 6; Table 1 ) had never been asked to submit a rough draft. When asked what they saw as the most useful component for writing (question 1; Table 1 ), 37% of students answered input from the teaching assistant, and 29% said evaluation of a rough draft was important. The most useful tool in evaluating and improving their work was evaluation of the rough draft, according to nearly half (48% of the 97) of the undergraduates surveyed over the 3-yr period. The fact that feedback from those involved in grading was seen as important by the students could be interpreted as an affirmation of Valentine's (2001) suggestion that students place a high priority on grades. Her conclusion that students may be inadequately trained in finding appropriate sources was supported by the finding that 42% of students thought that securing references was the most difficult task in completing the assignment (question 9; Table 1 ). In addition, 37% stated that understanding scientific papers was the biggest challenge. Although only 6% had difficulties formulating the rough draft, twice as many found that writing the final draft was difficult (14%).
Procrastination is an enormous detriment to any writing process. Students experiencing self-doubt about undertaking a large project may choose to put off working on it in the hope of delaying a possible bad outcome. Those with high anxiety levels can be especially sensitive to the effects of procrastination (Milgram and Naaman, 1996) . In our survey, 40% of the undergraduate students surveyed began writing the assigned rough draft approximately 1 wk before its deadline, and 30% delayed work until a few days before the due date (question 3; Table 1 ). Only 5% claimed to have procrastinated until the night before or the day of having to turn in the rough draft assignment. Although 21% of the students worked on the paper a little each day throughout the semester, only 4% had finished a partial rough draft during the first week after receiving a topic. Similar trends were observed when they finished writing their paper (question 4; Table 1) with the majority completing the paper either a week before the final draft deadline (22%), or a few days before the final draft deadline (44%). However, a shift from the respondents answering question 3 was noted in question 4 with only 9% working on the final draft a little each day, whereas 17% worked on it the night before the final draft was due. Despite attempts by teaching assistants to facilitate timely working practices, and the increased emphasis in course grade, these data mirror those of Maciorowski and Ricke (2000) . The survey results suggest that the procrastination-related habits might be so firmly engrained in the students in their prior educational experience that reversal of this within a semester long course is unrealistic.
Chi Square Analysis
Performance of χ 2 analysis revealed that students who claimed to start work on the rough draft a week before the due date also procrastinated (a few days or week before deadline) on writing the final draft of the paper. (P = 0.0163; Table 2 ). Although not a surprising result, this could be yet another suggestion that instead of procrastinating on a particular project because of hectic schedules, some students find themselves always delaying work. According to Milgram and Naaman (1996) , these students may be experiencing anxiety and insecurity about their ability to complete a task. It is possible Figure 2 . Correlation between previous writing experience and most useful component for writing paper (P = 0.0093).
that undergraduate poultry science students with general confidence toward task completion might not be as overwhelmed by a new experience such as writing a lengthy research paper, and therefore would be less likely to procrastinate.
Students who had written a similar paper before taking this food bacteriology class found input from the teaching assistant and evaluation of the rough draft most helpful when completing the project (P = 0.0093; Figure  2 ). Straub (2000) provides several tips in providing useful comments on student's drafts. He suggests keeping advice conversational, and taking care not to dictate personal taste in writing style and opinion to students. The high priority students place on critique by an instructor makes the giving of criticism key to the learning process.
The majority of students that had previous writing experience with rough drafts claimed to have started the rough draft a week before it was due (P = 0.0008; Figure 3 ). This may indicate that previous writing experience or writing assignments earlier in the careers of students may decrease the tendency to procrastinate. It would have been interesting to survey these students when they began their collegiate careers to determine if procrastination decreased as they advanced in their coursework.
Because 36% of students surveyed found the writing assignment a useful project with no need for change (question 10; Table 1 ), it could be said that this particular task was a constructive one. Positive response to this project despite its length and challenge could be encouraging. It may suggest that students are as concerned with learning to write as instructors are in teaching them. Even the 12% who thought that the assignment was not worthwhile still believed that the writing exercise showed promise upon improvement. It is possible that to increase satisfaction among students, a more comprehensive training in technical writing is needed. Because a large number of students expressed difficulties in reading and understanding scientific review papers, it may be useful to develop more specific instructional materials and spend more classroom time in this area. Although students were taught to evaluate sources using a skim test (Figure 1) , it should be possible to teach evaluation of content in more depth. This would also further the idea of expanding the undergraduate student's realm of technical knowledge.
Although most undergraduate curricula typically include classes devoted to seminars and oral presentations, development of writing skills has not been addressed in a similar manner. Instead, it is usually only a component in some poultry science undergraduate classes. More often, an undergraduate technical writing course outside the department is required. Such a course does not necessarily enhance scientific emphasis in the development of technical writing skills. Clearly more instructional emphasis on scientific and technical writing skills is needed if poultry science students are to gain more confidence and ability to process scientific information. This may require development of a Poultry Science course that exclusively focuses on sourcing and writing reviews of scientific and technical literature. However, the question remains regarding the timing of such a course in the 4-yr degree program to maximize the benefits for the student during their postgraduate career.
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